The main goal of this study was to examine the interfacial reaction between diamond grits and Ni-based brazing filler metal. A Ni alloy (Ni-7Cr-3Fe-3B-4Si (wt. %)) was used as the brazing filler metal. Brazing was carried out by heating up to the brazing temperature (1223, 1273 or 1323 K) and then held at this temperature for 10 min. The morphology of the interface between diamond grits and Ni-based filler metal exhibited a very good condition after this heat treatment. Cr-carbide and Ni-rich compounds were detected by XRD analysis in the vicinity of the interface between diamond grits and Ni-based filler metal after vacuum induction brazing. Chromium carbide is considered to play an important role in the high bonding strength achieved between diamonds grits and the brazing alloy.
Introduction
Diamond is the hardest material and is widely used in cutting, grinding, and polishing tools. One important category of diamond tools consists of those with only a single layer of diamond grits, which are usually fabricated by brazing [1] [2] [3] in a vacuum or protective atmosphere. 4, 5) The success of brazing the diamond grits onto the steel substrate depends on the adhesion strength between the diamond grits and the brazing alloy, which is usually enhanced by the incorporation of active elements, such as Ti, Cr, V, and Zr, into the brazing alloy. 6, 7) These active elements can easily develop interfacial compounds with the diamond grits during the brazing operation, and thereby alleviate the interfacial stress caused by the different crystallographic lattices and thermal expansion coefficients between the diamond grits and the braze matrix. Various alloy systems, such as Ni-BCr alloys, Cu-Sn-Ti, and Cu-Ag-Ti alloys, are commonly used for the brazing of diamond grits. 8) To ensure the development of better quality tools, this aspect of the interfacial reaction needs further research, particularly for the Ni-based filler metal. It's well known that Ni-based filler metal is great in corrosion resistance and bonding strength. Table 1 shows Ni-based filler metal, which is most useful for bonding diamond. The current study was designed to examine the optimum condition of the vacuum brazing process and to investigate the interfacial reaction between the diamond grits and the Ni-based filler alloys.
Experimental Procedures
Synthetic diamond grits (MBS 960H, General Electrics Co.) of particle size 200 mm were used. A Ni-based alloy was used as the brazing filler metal, as shown in Table 1 . A paste of Ni-based filler metal consists of metal alloy powders with 60$80 mm size and polymer binder. Ni-based filler metal was printed with 100 mm thickness on the surface of the stainless steel substrate by screen method, as shown in Fig. 1(b) . Vacuum brazing operation was carried out under vacuum below 5 Â 10 À5 Torr by vacuum induction brazing. Brazing was carried out by heating up to the brazing temperature (1223, 1273 or 1323 K) and then held at this temperature for 10 min. All specimens were furnace-cooled after brazing. The apparatus of vacuum induction brazing is shown in Fig. 1 . The diamond grits and Ni-based filler metal were mounted on the stainless steel. The morphology of the surface diamond grits was examined using a field emission scanning electron microscope (FESEM, S-4200, HITACHI), with an energy dispersive X-ray analyzer (EDS). An electron probe micro analyzer (EPMA, JXA-8900R, JEOL) was used to analyze the distribution of elements in the brazed layer. Structural analysis of the interfacial phases between the diamond grits and the Ni-based filler metal was carried out using a Cu K radiation in an X-ray diffractometer (XRD, DMAX-2500, Rigaku). Figure 2 shows the SEM micrographs of the surface and longitudinal sections of the diamond grits in the vacuumbrazed specimen. Samples shown in Fig. 2(a) and (d) were vacuum-brazed at 1223 K for 10 min. Voids are observed near the interface because Ni-based filler metal does not melt. In the case of Fig. 2(b) and (e), samples were vacuum-brazed at 1273 K for 10 min. SEM observation exhibited sound surface morphology and contact angle between Ni-based Fig. 2(d) and (e) show a good example and also it's well-known that ability of cutting tool is increased depending embedment of diamond.
Results and Discussion
12) The diamond grits of samples vacuum-brazed at 1323 K for 10 min were reacted completely with Ni-based filler metal, as shown in Fig. 2(c) and (f) . The formation of the reaction products can be observed adjacent to the diamond grit region. These SEM observations confirmed that the optimum brazing treatment among the various temperature conditions tested was 1273 K for 10 min. A result of brazing condition, 1273 K for 10 min, could be mentioned the best condition caused by diamond and Ni-based filler metal have sound wettability and melting state without voids. Figure 3 shows mappings of Si, C, Ni, Cr and Ti in the vicinity of the interface between diamond grit and Ni-based filler metal after treatment at 1273 K for 10 min. The pattern of the Cr rich layer was widely distributed at the interface with the diamond grits. The thickness of the Cr rich layer was proved to be about 5$10 mm. The image map of high Ni and Cr concentrations indicated that Ni-and Cr-based, intermetallic phases may be formed in the interface.
8) The mappings of the other elements, Si, Ti, and C, were also analyzed but the detected levels were very low. A Si-rich line band with a thickness of several micrometers was found in the filler metal side of the Cr-rich zone, while chromium carbide particles of about 30 mm size were randomly distributed within the Ni-based filler metal. It was considered that Cr and Si elements can migrate to the interface between the diamond grit and the Nibased filler metal, 9) thereby achieving a strong interfacial bond through the formation of intermetallic compounds. Figure 4 shows the XRD patterns of the as-brazed samples. Chromium carbide, which is appearing interface of diamond and Ni-based filler metal, affect interfacial bonding strength. 6) Chromium carbide is increased as increasing temperature as shown in Fig. 4 . The XRD patterns of the Nibased filler metal were very complicated, due to the presence of the five elements: Ni, Cr, B, Si and C. These five elements tend to react with each other in the Ni-based filler metal as shown by the formation of intermetallic compounds such as Ni 9 Si 4 B 2 and Ni 3 B. Analysis of the XRD patterns of chromium carbides, performed using JCPDS database, showed the presence of peaks of CrC, Cr 3 C 2 , Cr 7 C 3 , Cr 3 Ni 5 Si 2 and Cr 23 C 6 . However, a graphite layer, which would degrade the bonding strength of diamond grit, 6) was not observed to form at the interface between diamond grits 
Conclusions
The interfacial reaction and optimum vacuum brazing condition in a diamond grit/Ni-based filler metal system were examined. The optimum brazing condition of diamond grit/Ni-based filler metal was shown to be brazing at 1273 K for 10 min. CrC, Cr 3 C 2 , Cr 7 C 3 , Cr 23 C 6 , Cr 3 Ni 5 Si 2 and Ni 9 Si 4 B 2 , Ni 3 B were detected by XRD analysis in the vicinity of the interface between diamond grit and Ni-based filler metal after vacuum induction brazing. A graphite layer degrading the bonding strength of the diamond grit was not formed at the interface between diamond grit and Ni-based filler metal. 
